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A. GENERAL. 

4 comprehensive program 9f Iadoratory and tieig 
tests was made to determine the structural proper- 
ties of the different types of materials In the 
damaged area, as wel! as [In unaffected portions of 
the dam. These tests are grouped as follows: 

Tests on overburden materials in tne damaged 
area. 

Tests on shel! and transition zone materia! tn 
unaffected portions of the dam. 

Tests on typical foundation sands and clays. 

Tests on core materials. 

Tests on shale and bentonite. 

These Investigations are each discussed briefly. 

1. Overburden materials in damaged area. The 
overburden In the damaged area Included both shel! 
and foundation sands, as wei! as a'tiuvial clays and 
masses of core material that became Intermixed dur- 
Ing the movement. 

Mechanical analyses for classification purposes 
were performed on overburden samples from the churn- 
drtil holes. Overburden cores from the Calyx holes 
were split and photographed, and then samples for 
laboratory tests were cut from one of the halves. 
These samples, consisting of 4=Inch (102 mm) cubes, 
were carefully selected and cut to represent typ!- 
cal material from each core. Tests on these Includ- 
ed mechanical! analyses, specific gravity, molsture 
content, and determination of the natural volds In 
the materla!. The samples were prepared In a cold- 
storage room, packed with dry Ice to keep them fro- 
zen, and transported to the laboratory for testing. 

Two series of shear “ests were made on samples of 
overburden from Calyx hole Noe 4. Plates 5-4 and 
5-5 give typical results of tests on overburden 
materlals. 


2. Sheii and trensition-zone sateriais in unaf- 


fected portions of dam. Samples of typical shel) 


materials were secured from undisturbed portions of 
the shel! Immediately west of the damaged area and 
from three test pits, located slong the 2212 up- 
stream berm, driven down to the saturation JIne. 

A continuous photographic record was kept of the 
stratification of the material in the deepest test 
pit. On al! samples, the tests Included mechanical 
analyses, specific gravity, relative density (both 
wet and dry), and determination of natural volds. 
tn addition, triaxial tests were made on disturbed 
and on several undisturbed samples of typical shel! 
materia) from one of the test pits. 

In order to check the results of critical-density 
tests performed on the triaxial shear machines, sev- 
eral series of direct-shear tests were also per- 
formed end critical density determined by the 
Taylor sethod. 


Indistarbea sampi2s 2 nateria fron bh. 
tind 2978 Setweean fae core ant tae angtr- 
aore secured from a svatt near tne 235% a 
undamaged section. on these sampies, .- 
analyses, erlitical-dersity tests, 
natural voids, ralativ: density tests, cons: 
tests, and snear tes*s were performet. ir 
to tne physical tests, a complete rineralojt- 
ination was nade of 3 typical sample of she. 
rial» Plates 5-6 through 5-13 give results 
on *nese materials. 

An axperimental section of hydraulic fi! 
structed to Investigate the feasidstiity 2 
ing this type of nater!s! by means of car 
tractors. This fill was placed in 6-iach (1 
t2-incn (305 mn), 'W8-inen (457 mm), and 
(619 mm) fayers to a depth of from 6 feet ('. 
8 feet (2.4m). Each Isyer was compacta 
three, six, or nine passes of a 95-horsepow> 
tor operating at half and ful! speed. 

Contint ous undisturbed samples were taka 
test pits 'n each sampling area, and mechanic 
ysis, specific gravity, vold determinations, + 
ative-density tests were made on each samp!e 
results on these samples are shown on Plates 
5-17. 

3. Foundation sands and clays. 4 test 
driven Into the flood plane downstream from t+ 
In order to secure undisturbed samples of a 
naterlals simijar to the foundation materia! 4 
the section of the dam affected by the eart 
ment. <A continuous photographic record was 
the natural strata In this pit, and mechanica! 
ses, specific gravity, vold determinations, re 
density and critical-density tests were perfo 
this material. 

Undisturbed samples of the surface clays wé 
cured at the upstream edge of the damaged ara 
mechanical analyses, conso!idation tests, and q 
Idated-shear tests were performed on these sé4 
Plates 5-18 to 5-21 show the results of te’ 
foundation sands and clays. 

4. Core matertais. At a selected jocation | 
closure section, the undamaged core on the 
bank, and in the center of the sifde area, 
(152 ra) drive samples were taken down to t 
of the core. Mechanica! analyses, natural md 
content, consolidation tests, and consolidated 
tests were performed on samples from 10-foot ( 
Intervals In elevation. in addition, triaxial 
tests, consolidation tests, and Atterbers | 
tests were made on samples from elevations 2 
2080. The results of typical tests on core mz 
are given on Plates 5-22 to 5-24. 

3S. Shale end bentonite. Samples of we 


frternina 


TESTS OF MATERIALS 


Imadistsroe) sanpias of materia: fron the transi- 
tio 2918 detween tne core and the unstr2aan shal! 
wore s2cured from a siaff sear the east end of the 
undamaged section. On *+hese samples, mechanical 
inalyses, criticai-densitvy tests, determination of 
natura; voids, relative density tests, consoli-tation 
tests, and snear tes*s were performed. In addition 
'9 the physical tests, a complete mineralogical exan- 
ination was sade of 4 typical sample of she!] mata- 
ciale Plates 5-6 through 5-13 give results of tests 
on *4ese naterials. 

An experimental section of hydraulic fill was con- 
structed +o Investigate the feasisitity of somoact- 
ing tnis type of naterta! by means of caterp!! lar 
tractors. This fill was placed in 6-Iach (152 mm), 
12-tncn (305 mm), t8-inen (457 mm), and 24-inch 
(51) mm) layers to a depth of from 6 feet (1.8 m) to 
3 feet (2.4 m). Each layer was compacted with 
three, six, or nine passes of @ 95-horsepower trac- 
tor operating at half and full speed. 

Continuous undisturbed samples were taken from 
test pits In each sampling area, and mechanics! anai- 
ysis, specific gravity, vola determinations, and rel- 
ative-density tests were made on each sample. Test 
results on these samples are shown on Plates 5-14 to 
5-17. 

3- Foundation sends and clays. A test pit was 
driven into the flood plane downstream from the dam, 
tn order to secure undisturbed samples of alluviel 
materials similar to the foundation materials under 
the section of the dan affected by the earth move- 
nent. A continuous photographic record was kept of 
the natural strata in this pit, and mechanical analy- 
ses, specific gravity, vold determinations, relative- 
density and critical-density tests were performed on 
this material. 

Undisturbed samples of the surface clays were se- 
cured at the upstream edge of the damaged area, and 
mechanical analyses, consolidation tests, and consol- 
Itdated-shear tests were performed on these samples. 
Plates 5-18 to 5-21 show the results of tests on 
foundation sands and clays. 

4. Core materials. At a selected jscation tn the 
closure section, +t 9 undamaged core on the right 
bank, and in the center of the siide area, 6-Inch 
(152 mm) drive samples were taken down to the base 
of the core. Mechanical analyses, natura! molsture 
content, consolidation tests, and consol! dated-shear 
tests were performed on samples from 10-foot (3.0 m) 
t-rervals In elevation. in addition, triextal-shear 
tests. consolidation tests, and Atterberg Jimit 
hee were made on samples from elevations 2170 to 
2080. The results of typical tests on core material 
« <= gtven on Plates 5-22 to 5-24. 

3%. Shale and bentonite. Samples of weathered 


sha'a were ta<en fron the Talyx votes, from the ‘“er- 
ciman d-lft arove tha talet portals, and fron sever- 
al points *1 tie danajet area, 35 #e:t as from ‘Tva 
hotes and 3a test ott driven tato the weathered 
shal2 dowistream fror the danajed saction. Samptes 
of fault-2072 matertal were also secured from tha 
Croshy drift near tne shafts. “Yechanical analyses, 
consolldatioy tests, and both consolidated and 
quick-sn2ar tests were perforned on these samples. 

Samoles of bentorlte were secured from Calyx 
holes, the Merriman drift, the Crosby drift, and 
from exposed seams at other potnts on the rigrt 
abutment. 30th quick and consol’ dated-shear tests 
were performed on these samotes. The coeffictent 
of friction of bentonite on shale was also deter- 
mined for some samaies. The results of these tests 
are given on Plates 5-25 to 5-30. 

In addition to the laboratory tests on the benton- 
Ite, a series of shear tests was made In the fleld 
on the two bentonite seams In the Merriman drift. 
These seams were lying approximately horizontal and 
were separated by 8 Inches (203 mm) of shale. Both 
the nornal toads and shearing loads were applied by 
means of hydrauffe jacks. The center section of 
shale was confined by a stee! jacket, to prevent 
Its be!ng crushed by the vertica) load and to prop- 
erly distribute the shearing forces. 

Be EQUIPMENT AND PROCEDURE FOR LABORATORY TESTS. 

1. Mechanical analyses. 4:1 mechanical analyses 
were made by the sleve and hydrometer method and 
were usualty run wet. Samples composed of distinct- 
ry different types of matertal, such as sand with 
quantities of shale fragments or clay balts and 
clay samples mixed with gravel, were segregated and 
the percentage of each kind of material determ|ned 
separately. These samples were run dry» 

2. Specific-gravity determinations. Speci flc- 
gravity determinations were made on materisal from 
every sample, so that vold determinations could be 
made more accuratety. Specific-gravity determina- 
tions were made ty the vacuum method on 200-gram 
samples. 

3. Yold determinations. For the purpose of deter- 
mining the naturat vold ratio In undisturbed sam- 
ples of materials from the shells, transition 
zones, foundation sands, and the exper!mental 
rolled hydraulfle flit, 6-Inch-dlameter (152 mm) 
samples were taken {in accurately calfbrated cyiin- 
ders 6 Inches (152 mm) In tength. 

Votd determinations of matertal from the frozen 
Calyx cores were made on the 4-Inch (102 mm) cubes. 
The volume of the cubes was accurately determined 
by submerging them tn a pan fitted to the overflow 
with mercury and weighing the mercury displaced. 


4. Relative-density tests. Retative-density tests 


were performed on ail undist. 
nater’al, transitton-zore mat 
rlai from the test oft in the 
dan, 35 wat! as on ati samote; 
rolted hydraulife fltl. Tne iar 
density tests made I+ necessa 
c'al device for compacting + 
density. This apparatus cons! 
tats, on which the tubes cont: 
placed, the pedestals anid sa 
and down by cams on a motor-dr' 
mloIng the lowest possIble deg 
matersals were carefully depo 
ders through speclally deslgn 
density tests were made on e4 
and saturated condition. 

5. Critical-density tests. 
on shelt materials were perfor 
oratory of the Graduate Scho 
Harvard University, at the wat 
tion, Vicksburg, MIss., and « 
trict laboratory. Tests on ¢ 
cohesloniess matertals were m 
laboratory. 

6- Consolidation tests. Aj 
were made according to stand 
Fort Peck type of consolidatk 
were all 5-5/8 Inches (143 mm) 
of transitfon-zone materfat . 
samples of core material were 
In thickness, while samples of 
clals, such as chays and 1 
1.0 Inch (25 mm) or 1-1/4 Inche 

Consolidation of core and 
samples prior to making shear 
In consolidation devices, att 
tonite and weather-shale sam 
dated diractty In the shear bo 

Te Shear tests. Consolld 
transition-zone matertat, ‘ 
bentonite were made In the 
while the direct-shear tests 
tests on core materjal were m 
type shear machine. Al) quick 
In the Zanesvitte-type sheer 
test samples were 4 Inches 
3/4-Inch (10 mm) thick. 

Consolidated shear tests wer: 
Idating the sample to tne des! 
Ing the shearing toads tn Incr 
tit movement ceased before « 
Increments. Quick-shear test: 
stant strain loading, the toac 
uousty, so that falture oc 
minutes efter stert of the tes! 
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eye danajet area, 23 «os as from fTva 
2 test ott driven tats or weathered 
broan fror the danaje! section. Samples 
maa natec’al were also secured from the 
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near tne s7afts. 
yor 
were oerforned on tnese samples. 
from Calyx 
deft ft, and 
d seams at potnts on the rignt 
Roth gulzk and consol’ tated-shear tests 
these samoies. The coefflctent 
of denton’te on shale was also deter- 
oma samotes. The results of these tests 
Pyates 5-25 to 5-30. 
b1 +> the taboratory tests o1 the benton- 
es of shear tests was made In the fleld 
beitonite seams In the Merriman drift. 
were ty!ng aoprox!nateiy horizontal and 
ted by 3 Inches (293 mm) of shate. Both 
loads and shearing loads were apptied by 
ydrautle Jacks. The center section of 
confined oy a steel jacket, to prevent 
rushed by tne vertical load and to prop- 
oute the shearing forces. 

AND PROCEDURE FOR LABORATORY TESTS. 
Teal anatyses. Ai! mechanical analyses 
by the steve and hydremeter method and 
y cun wet. Samples composed of alstinct- 
t types of matertal, such as sand with 
of shala fragments or clay baits and 
s mixed with gravel, were segregated and 
age of each kind of material determined 

These samptes were run dry- 
le-grevi deterainations. Speci fic~ 
erminations were made on matertal from 
@, so that vold determinations could be 
accurately. Specific-gravity determina 
made by the vacuum method on 200-gram 
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For the purpose of deter- 
votd ratio in undisturbed sam- 
from the shells, transition 
ndation sands, and the experimental 
Hraulic fftl, 6-Inch-dlameter (152 mm) 
e taken tn accurately calibrated cylin- 
es (152 mm) In length. 
erminations of materfat from the frozen 
were made on the 4-Inch (102 mm) cubes. 
of the cubes was accurately determined 
Ing them In a pen fitted to the overflow 
y and weighing the mercury displaced. 
ve-density tests. Telative-density tests 
\ 


| 


were perforned on ail 
aater‘al, 
rial 


uniisturped samptas of shell 
transltton-zone matestal, and sandy mate- 
from the test o}t in the flood plane velow the 
dan, a3 wet! as on atl samates from the experimental 
rolied hydraultfe flti. Tne large number of retative- 
density tests made It necessary to construct 8 spa- 
ctat device for compacting the samples to maximum 
density. This apparatus consisted of several pedes- 
tals, on which the tubes contalning the samates were 
ataced, the pedestats and samples being Jarred up 
and down by cams on a motor-driven shaft. For deter- 
mlatng the towest possibte degree of compaction, the 
materials were carefully deposited tn glass cytin- 
ders through specially designed funnets. Relative- 
density tests were made on each sample In both dry 
and saturated condition. 

3. Criticat-density tests- Critical-density tests 
on shelf materlats were performed In the softs tab- 
oratory of the Graduate Schoo! of Engineering of 
darvard University, at the Waterways Experiment Sta- 
tion, Vicksburg, Miss., and at the Fort Peck Dls- 
trict faboratory. Tests on undisturbed samples of 
cohesioniess matertats were made at the Fort Peck 
tabor story. 


6. Consotidation tests. All consolidation tests 


were made according to standard procedure fn the 
Fort Peck type of consolidation equipment. Samples 
were al! 5-5/8 Inches (143 mm) In diameter. Samples 
of transition-zone materfat and the more pervious 


samples of core materfal were 2-1/2 Inches (64 mn) 
In thickness, white samples of very Impervious mate- 
riats, such as ctays and weathered shale, were 
1.0 Inch (25 mm) or 1-1/4 Inches (32 mm) thick. 
Consotidation of core and e few weathered-shale 
samples prior to making shear tests was accomp | ished 
In consolidation devices, although most of the ben- 


tonite and weather-shale samples were preconsol!- 
dated directty In the shear boxes. 

7. Sheer tests. Consolidated-shear tests on 
transition-zene material, weathered shale and 
benton!te were made In the M.|1.T. shear machine, 


white the direct-shear tests on shel! material and 
tests on core material were made In the Zanesvitie- 
type shear machine. Att quick-shear tests were made 
In the Zanesvitte-type shear machine. The ‘shear 
test samptes were 4 Inches (102 mm) square and 
3/4-Inch (10 mm) thick. 

Consolidated shear tests were made by first conso)- 
Idating the sample to the desired load and then add- 
Ing the shearing toads In Increments and walting un- 
ti} movement ceased before adding additionat load 
Increments. Quick~shear tests were made with con~ 
stant strain loading, the toad being appiied contin- 
uousty, so thet falture occurred within a few 
ainutes after stert of the test. 
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